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INTRODUCTION 

This  project  focuses  on  a  novel  gene  named  C17orf37  located  in  the  17ql2 
amplicon  of  human  chromosome.  The  17ql2  amplicon  contains  numerous  genes  that 
have  been  shown  to  play  important  role  in  prostate  cancer  progression  and  metastasis  (1- 
4).  C17orf37  has  been  found  to  be  highly  expressed  in  human  cancers;  however  its 
expression  profile  in  prostate  cancer  and  functional  significance  in  cancer  biology  is 
unknown.  We  recently  identified  that  C17orf37  promotes  migration  and  invasion  of 
prostate  cancer  cells.  The  objective  of  the  current  project  is  to  characterize  the  functional 
importance  of  C17orf37  overexpression  in  prostate  cancer  progression  and  elucidate  the 
molecular  pathways  that  contribute  to  the  development  of  invasive  and  metastatic  cancer. 
Successful  completion  of  the  project  will  allow  us  to  understand  the  role  of  the  novel 
gene  C17orf37  in  cancer  cells  and  validate  it  as  a  potential  target  for  cancer  therapy. 

BODY 

Task  1.  To  establish  the  correlation  of  C17orf37  protein  expression  with  poor 
pathological  and  prognostic  variables  in  prostatic  adenocarcinomas. 

Findings: 

We  evaluated  the  expression  of  C17orf37  in  normal  prostate,  benign  prostatic  hyperplasia 
(BPH),  moderately  differentiated,  and  poorly  differentiated  prostate  adenocarcinoma 
clinical  samples.  Our  data  suggests  that  C17orf37  expression  is  basal  in  normal  and  BPH 
specimens,  however  its  expression  is  increased  in  advanced  stages  of  the  disease.  In 
moderately  differentiated  specimens,  C17orf37  expression  was  found  to  be  intense  in  the 
neoplastic  glands  and  stromal  cells  surrounding  the  prostatic  glands.  Strong  C17orf37 
expression  was  found  throughout  the  poorly  differentiated  prostate  cancer  sections  with 
intense  diffused  stain  in  the  stroma  around  the  malignant  cell  mass  and  invasive  edges. 
C17orf37  expression  was  intense  in  the  fused  prostatic  glands  of  poorly  differentiated 
prostatic  cancer.  Surprisingly,  we  identified  intense  C17orf37  staining  in  prostatic 
intraepithelial  neoplasm  (PIN),  which  suggests  that  C17orf37  is  expressed  in  the  early 
lesions  of  prostate  cancer  (Figure  1).  These  studies  resulted  in  the  publication  of  an 
original  research  article  (5). 
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Ongoing  experiments:  Currently  we  are  correlating  the  expression  of  C17orf37  with 
other  prognostic  variables  of  prostate  adenocarcinoma  including  hormonal  dependency, 
disease  recurrence,  and  metastasis. 

Task  2.  To  directly  demonstrate  the  biological  consequences  of  C17orf37  overexpression 
in  promoting  prostate  tumor  metastasis  and  elucidate  the  molecular  mechanisms 
regulating  the  process  in  vivo. 

Finding  1:  Stable  overexpression  of  C17orf37  increases  the  migratory  and  invasive 
potential  of  prostate  cancer  cells. 

For  generation  of  stable  cells,  DU- 145  cells  were  transfected  using  Lipofectamine  2000, 
with  either  GFP  (empty- vector)  or  GFP-C17orf37  plasmid  DNA  for  24hours.  Stable 
transfected  cell  populations  were  challenged  in  complete  medium  supplemented  with 
500pg/ml  G418  (Invitrogen,  Carlsbad,  CA)  for  about  2  weeks.  Stable  cells  were 
maintained  as  polyclonal  populations  obtained  from  DU- 145  cells  transfected  with  GFP 
vector  (DU-GFP)  and  DU-145  cells  transfected  with  GFP-C17orf37  plasmid  (DU-GFP- 
C17orf37-l  and  2).  Stable  overexpression  of  GFP-C17orf37  construct  in  DU-145  cells 
(DU-GFP-C17orf37)  dramatically  increased  the  invasiveness  -2. 0-2. 5  fold  compared  to 
parental  DU- 145  cells  (Figure  2)  in  Matrigel  Invasion  Assay,  indicating  overexpression 
of  C17orf37  protein  leads  to  increased  invasive  behavior  in  prostate  cancer  cells.  These 
studies  resulted  in  the  publication  of  an  original  research  article  (5). 

Finding  2. 

To  investigate  whether  C17orf37  protein  has  any  effect  on  the  metastasis  related  genes, 
we  analyzed  the  expression  of  several  genes  that  facilitate  prostate  cancer  metastasis  and 
promote  ECM  cleavage.  We  found  that  overexpression  of  C17orf37  increases 
endogenous  MMP-9,  uPA  and  VEGF  expression  compared  to  vector  treated  cells.  MMP- 
9,  uPA  and  VEGF  genes  are  transcriptionally  up-regulated  by  NF-kB  (6).  We  performed 
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EMSA  to  evaluate  the  DNA  binding  activity  of  NF-kB  in  C17orf37  overexpressed  cells. 
Overexpression  of  C17orf37  increases  the  DNA  binding  activity  of  NF-kB,  suggesting 
C17orf37  increases  migration  and  invasion  in  prostate  cancer  by  NF-kB  mediated  genes 
MMP-9,  uPA  and  VEGF.  In  prostate  cancer  cells,  constitutive  activation  of  NF-kB  is 
mediated  by  upstream  protein  kinase  B  (PKJ3/Akt)(7h  we  performed  western 
immunoblot  to  detect  the  levels  of  phosphorylated  Akt  (p-Akt)  and  total  Akt.  p-Akt  is  the 
active  form  of  the  protein  that  cascades  the  intracellular  signaling  and  we  observed 
phosphorylation  of  Akt  was  significantly  higher  in  the  stable  clones  compared  to  vector 
control  cells  (DU-GFP)  (Figure  3).  These  results  demonstrate  that  C17orf37  mediates 
prostate  cancer  cell  migration  and  invasion  through  NF-kB  downstream  target  genes 
MMP-9,  UPA  and  VEGF.  These  results  were  reported  in  an  original  article. 

Ongoing  experiments:  Currently  we  are  perfonning  in  vivo  xenograft  studies  in  athymic 
mice  to  understand  the  role  of  C17orf37  in  prostate  cancer  migration  and  invasion. 


KEY  RESEARCH  ACCOMPLISHMENTS 

•  C17orf37  is  overexpressed  in  prostate  cancer  patients,  and  the  expression  of 
the  protein  is  increased  in  the  advanced  stage  of  the  disease. 

•  Overexpression  of  C17orf37  in  prostate  cancer  cells  promotes  migration  and 
invasion. 

•  C17orf37  modulates  Akt  phosphorylation  and  thereby  activates  NF-kB  DNA 
binding  activity,  thereby  upregulates  downstream  target  genes  MMP-9,  uPA 
and  VEGF. 

•  We  propose  a  model  which  suggests,  C17orf37  may  act  as  a  membrane  bound 
adapter  molecule  triggering  downstream  signaling  through  Akt/NF-KB 
pathway  (8). 
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REPORTABLE  OUTCOMES 

To  date,  2  articles  have  been  published  and  1  abstract  has  been  presented  as  a  result  of 
funding  from  this  grant: 

Articles: 

1.  Dasgupta  S,  Wasson  LM,  Rauniyar  N,  Prokai  L,  Borejdo  J,  Vishwanatha  JK.  (2009). 
Novel  gene  C17orf37  in  17ql2  amplicon  promotes  migration  and  invasion  of  prostate 
cancer  cells.  Oncogene  28:2860-2872. 

2.  Dasgupta  S  and  Vishwanatha  JK.  C17orf37  Molecule  Page.  UCSD-Nature  Molecule 
Pages. { 2009)  doi:10.1038/mp.a004151.01 

Presentations : 

Dasgupta,  S  and  Vishwanatha  JK.  Importance  of  C17orf37  prenyl  modification  in  cancer 
cell  migration  and  invasion.  Cancer  Res  2009;69(23  Suppl):A9 

[Presented  at  the  First  AACR  Conference  on  Frontiers  in  Basic  Cancer  Research,  at 
Boston,  MA  on  October  2009] 


CONCLUSIONS 

Our  study  has  advanced  our  understanding  about  the  biological  role  of  C17orf37.  Our 
study  demonstrates  that  C17orf37  is  overexpressed  in  prostate  cancer  patients  compared 
to  normal  tissues.  Overexpression  of  C17orf37  contributes  to  the  development  of  invasive 
prostate  cancer  through  NF-kB  downstream  target  genes.  We  find  that  C17orf37 
modulates  Akt  activity  as  a  membrane  bound  adapter  molecule.  Interestingly,  we 
identified  C17orf37  has  a  prenylation  motif  at  the  C-terminal  carboxyl  end.  Prenylated 
proteins  are  modified  by  addition  of  isoprenyl  groups  at  the  ‘Caax’  motif  by  prenyl 
transferase  enzymes.  In  addition  to  our  proposed  experiments,  we  are  also  evaluating  the 
importance  of  C17orf37  prenyl-modification  in  prostate  cancer  invasion  and  metastasis. 
We  believe  our  results  are  the  first  report  (5)  to  deduce  the  functional  importance  of  so- 
called  ‘hypothetical  protein’  C17orf37  that  may  be  considered  as  a  potential  therapeutic 
target  for  cancer  therapy. 
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Figure  1 


Appendices 


a 


■ 

- - 1 

•  J 

.  /*  * 

•iBf.  tx 

It  ^  ^ 

%  *  A 

t*  ^ i 

^8*%.  A  a. 
sCW Ji 

r  £  U  ,-; 1 

li  '  V*  «$%*.-■ 

IPwl 

f#  ms- 

';;%  A 

l\«fk  •"V  r 

~  A  %  v-<-  i 

_ 

4b  *9 


••7J?  •.  i  \e '  •. 

*  .*  <  t*»v  V  *  .  >. 

n-*«  /'n 


9 


Dasgupta,  S.  W81XWH-09-1-0220 


Figure  1.  Expression  of  C17orf37  in  human  normal,  benign  prostatic  hyperplasia  (BPH) 
and  prostate  adenocarcinoma  tissue  specimens.  Representative  images  of  nonnal  prostate 
gland  (a,  b  -left),  BPH  (a,  b  -middle),  prostate  intraepithelial  neoplasm  (c),  moderately 
differentiated  (Gleason  Score  6)  (d,  e  -  left)  and  poorly  differentiated  (Gleason  Score  9) 
(d,  e  -middle)  prostate  carcinoma.  Sections  were  stained  with  H  &  E  (a,  d)  and  ORF37 
antibody  (b,  c,  e).  (b)  Left,  C17orf37  expression  was  found  to  be  minimal  in  both  nonnal 
prostate  glands  ( n=6 ),  (b)  middle,  in  BPH  prostate  specimens  (n=6),  and  (b)  right, 
negative  in  IgG  control,  (c)  C17orf37  staining  in  PIN  glands  show  presence  of  protein  in 
early  stages  of  cancer  progression,  (e)  Left,  Moderately  differentiated  prostate 
adenocarcinoma  tissue  sections  show  increased  expression  of  C17orf37  in  both  neoplastic 
glands  and  prostatic  stroma  ( n=15 ),  (e)  middle  panel,  Poorly  differentiated  prostate 
adenocarcinoma  tissue  sections  showed  fusion  of  neoplastic  glands  with  intense  diffused 
C17orf37  immunostain  ( h=12 ),  Inset  shows  C17orf37  expression  in  the  prostatic  glands 
in  poorly  differentiated  carcinoma,  and  (e)  right  panel,  shows  negative  staining  in  IgG 
control.  All  images  are  100X  of  original  magnification  except  (c)  left,  which  is  4 OX  of 
original  magnification. 
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Figure  2 
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Figure  2.  Overexpression  of  C17orf37  increases  invasive  potential  of  DU-145  cells. 
Stable  polyclonal  population  of  DU-GFP  (vector)  and  DU-GFP-C17orf37  (pool#l  and 
#2);  stable  randomly  picked  DU-ORF-9  (overexpressing  GFP-C17orf37),  and  parental 
DU- 145  cells  were  seeded  onto  matrigel  coated  tumor  invasion  chambers  and  allowed  to 
migrate  toward  serum  for  24  hours  at  37°C.  Fold  change  of  invasion  was  calculated  as 
described  in  supplementary  materials  and  methods  section.  Columns  are  mean  of  three 
independent  experiments;  bars,  SD.  **,  P  <  0.001,  relative  to  DU-GFP  cells;  statistical 
analysis  included  Student’s  t  test  for  calculating  significant  differences  within  groups. 
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Figure  3.  (a)  C17orf37  was  over-expressed  by  transiently  transfecting  DU-145  cells  with 
GFP-C17orf37  plasmid.  Lipofectamine  treated  (mock)  and  GFP  vector  transfected  were 
used  as  controls.  Twnetyfour  hours  later  total  protein  was  isolated  and  15  pg  of  protein 
was  used  to  perform  western  immunoblot.  Figures  show  expression  of  MMP-9,  uPA  and 
VEGF  in  mock-treated,  GFP-vector  only  and  GFP-C17orf37  treated  DU-145  cells  (in 
duplicate).  All  western  blot  images  are  representative  of  4  independent  experiments,  (b) 
Western  immunoblotting  showing  phospho-AKT  and  total  AKT  (top  panel),  and  EMSA 
showing  NF-kB  DNA  binding  activity  (bottom  panel)  in  polyclonal  populations 
overexpressing  either  DU-GFP  (DU- 145  stably  expressing  GFP  vector)  or  DU-GFP-C17 
(DU-145  stably  expressing  GFP-C17orf37)  in  two  independent  pools  #1  and  #2.  Western 
blot  and  EMSA  images  are  representative  of  three  independent  experiments. 
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ORIGINAL  ARTICLE 

Novel  gene  C17orf37  in  17ql2  amplicon  promotes  migration  and  invasion 
of  prostate  cancer  cells 

S  Dasgupta1,  LM  Wasson2,  N  Rauniyar3,  L  Prokai3,  J  Borejdo3  and  JK  Vishwanatha1’3 

1 Department  of  Biomedical  Sciences  and  Institute  for  Cancer  Research,  University  of  North  Texas  Health  Science  Center,  Fort 
Worth,  TX,  USA:  2Department  of  Pathology,  Harris  Methodist  Fort  Worth  Hospital,  Fort  Worth,  TX,  USA  and  department 
of  Molecular  Biology  and  Immunology,  University  of  North  Texas  Health  Science  Center,  Fort  Worth,  TX,  USA 


C17oif37/MGC14832,  a  novel  gene  located  on  human 
chromosome  17ql2  in  the  ERBB2  amplicon,  is  abundantly 
expressed  in  breast  cancer.  C17orf37  expression  has  been 
reported  to  positively  correlate  with  grade  and  stage  of 
cancer  progression;  however  the  functional  significance  of 
C17orf37  overexpression  in  cancer  biology  is  not  known. 
Here,  we  show  that  C17orf37  is  highly  expressed  in 
prostate  cancer  cell  lines  and  tumors,  compared  to 
minimal  expression  in  normal  prostate  cells  and  tissues. 
Cellular  localization  studies  by  confocal  and  total  internal 
reflection  fluorescence  microscopy  revealed  predominant 
expression  of  C17orf37  in  the  cytosol  with  intense  staining 
in  the  membrane  of  prostate  cancer  cells.  RNA-inter- 
ference-mediated  downregulation  of  C17orf37  resulted  in 
decreased  migration  and  invasion  of  DU-145  prostate 
cancer  cells,  and  suppressed  the  DNA-binding  activity  of 
nuclear  factor-KB  (NF-kB)  transcription  factor  resulting 
in  reduced  expression  of  downstream  target  genes  matrix 
metalloproteinase  9,  urokinase  plasminogen  activator  and 
vascular  endothelial  growth  factor.  Phosphorylation  of 
PKB/Akt  was  also  reduced  upon  C17orf37  downregula¬ 
tion,  suggesting  C17orf37  acts  as  a  signaling  molecule 
that  increases  invasive  potential  of  prostate  cancer  cells  by 
NF-KB-mediated  downstream  target  genes.  Our  data 
strongly  suggest  C17orf37  overexpression  in  prostate 
cancer  functionally  enhances  migration  and  invasion  of 
tumor  cells,  and  is  an  important  target  for  cancer  therapy. 
Oncogene  (2009)  28,  2860-2872;  doi:10.1038/onc.2009.145; 
published  online  8  June  2009 

Keywords:  C17orf37;  17q  12;  prostate  cancer;  migration; 
invasion;  NF-kB 


Introduction 

Prostate  cancer  is  the  most  common  type  of  cancer 
diagnosed  in  American  men  and  is  the  second  leading 
cause  of  cancer-related  death  in  men  (Pienta  and 
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Loberg,  2005).  American  Cancer  Society  estimates 
about  28  660  men  will  die  of  this  disease  in  2008.  Most 
men  diagnosed  with  prostate  cancer  can  survive  the 
primary  localized  tumor,  but  because  of  the  metastasis- 
related  disease,  mortality  rates  remain  extremely  high. 
Metastasis  of  prostate  cancer  is  facilitated  by  migration 
and  invasion  of  malignant  tumor  cells  from  localized 
neoplastic  tumors  to  distant  organs  like  bone  by 
cleavage  of  extracellular  matrix  (ECM)  (Arya  et  al., 
2006).  Proteases  that  facilitate  malignant  cell  migration 
and  invasion  by  cleaving  ECM  proteins,  such  as  matrix 
metalloproteinases  (MMPs),  cysteine  proteases  and 
serine  proteases  have  been  extensively  studied  (Sliva, 
2004).  Although  the  fundamental  function  of  these 
proteases  in  prostate  cancer  cell  migration,  invasion  and 
metastasis  is  clear,  the  underlying  mechanism  and 
regulation  of  these  proteases  to  promote  prostate  cancer 
progression  and  invasion  is  vague. 

Chromosome  17q  12  contains  multiple  genes  that  are 
important  in  different  forms  of  cancer.  Recent  genetic 
studies  have  projected  1 7q  12  loci  genes  as  an  important 
risk  factor  in  prostate  cancer  progression  in  selected 
individuals  (Eeles  et  al.,  2008;  Sun  et  al.,  2008).  ERBB2 
located  in  the  same  amplicon  is  known  to  have 
significant  function  in  prostate  cancer  progression  and 
its  expression  correlates  with  poor  hormone  refractory 
prostate  cancer  in  patients  (Myers  et  al.,  1994).  C 17 or f 37 
is  a  novel  gene  located  in  the  same  amplicon  next  to 
ERBB2  in  a  tail-to-tail  rearrangement,  functional 
importance  of  which  is  presently  unknown.  C17orf37 
has  been  reported  to  be  frequently  amplified  with 
ERBB2  in  breast  tumor  cells,  however  independent 
activation  of  C17orf37  has  been  demonstrated  in 
cell  lines  expressing  low  levels  of  ERBB2  (Evans  et  al., 
2006).  C17orf37  protein  is  abundantly  expressed  in 
breast  tumor  cells  and  clinical  tissues,  with  reduced 
or  limited  expression  in  38  different  normal  tissues 
(Evans  et  al.,  2006).  C17orf37  expression  positively 
correlates  with  grade  and  stage  of  breast  cancer, 
and  increased  expression  has  been  shown  in  patients 
with  breast  to  liver  and  lungs  metastasis  (Evans  et  al., 
2006).  This  suggests  C17orf37  protein  may  be  an 
important  mediator  of  cancer  cell  metastasis.  However, 
to  establish  C17orf37  as  a  biomarker  and  therapeutic 
target  for  cancer  treatment,  it  is  utmost  important 
to  explore  the  functional  importance  of  this  novel 
protein. 


We  demonstrate  C17orf37  expression  is  enhanced  in 
prostate  cancer  cells  and  tissues  specimens.  We  also 
observed  the  cellular  localization  of  C17orf37  in 
prostate  cells  by  confocal  microscopy  and  finally  by 
knockdown  and  overexpression  studies,  we  demonstrate 
C17orf37  significantly  contributes  to  the  migration  and 
invasion  of  prostate  cancer  cells.  Our  results  clearly 
indicate  C17orf37  as  a  critical  cancer-specific  protein 
promoting  tumor  cell  invasion  by  enhancing  secretion  of 
urokinase  plasminogen  activator  (uPA),  MMP-9  and 
vascular  endothelial  growth  factor  (VEGF)  through 
nuclear  factor-icB  (NF-kB)  pathway. 


Results 

Increased  expression  of  C17orf37  in  prostate  cancer  cells 
To  investigate  C17orf37  expression  in  prostate  cancer, 
we  analysed  mRNA  expression  of  C17orf37  in  a  panel  of 
prostate  cancer  cell  lines  including  androgen-indepen¬ 
dent  DU-145  and  PC-3,  and  in  an  FNCaP  cell  line 
prostate  cancer  progression  model  consisting  of  andro¬ 
gen-dependent  FNCaP- R  and  androgen-independent 
LNCaP-UR  (Rothermund  et  a/.,  2002)  by  q-RT-PCR 
(Figure  la)  and  reverse  transcription  (RT)-PCR  (Sup¬ 
plementary  Figure  1).  We  found  high  levels  of  C17orf37 
mRNA  expression  in  all  the  prostate  cancer  cell  lines 
investigated,  whereas  expression  in  both  the  normal 
prostate  epithelial  cell  lines  F1PV18  C-l  and  PWR-1E 
was  relatively  low  (Figure  la).  To  analyse  the  protein 
expression  of  C17orf37  in  prostate  carcinoma  cells,  we 
first  determined  the  specificity  of  the  anti-C17orf37 
antibody  (ORF37)  using  recombinant  GST-C17orf37 
protein.  ORF37  antibody  immunoreacts  with  both 
GST-C17orf37  (39kDa)  and  GST-tag  cleaved  purified 
recombinant  Ci7orf37  protein  of  12kDa  size 
(Figure  lb).  To  verify  the  12kDa  band  is  indeed 
C17orf37  protein,  we  analysed  the  protein  sequence  by 
tandem  mass  spectrometry.  As  shown  by  high-resolu¬ 
tion  ESI-FTICR  analysis  (Supplementary  Figure  2),  the 
molecular  weight  of  the  intact  recombinant  protein  was 
11 918  Da  and  matched  54%  amino-acid  sequence 
coverage  of  C17orf37  (Figure  lc). 

To  find  any  possible  change  in  C17orf37  protein 
expression  from  androgen  dependency  to  independency, 
we  examined  two  additional  prostate  cancer  cell  lines 
FNCaP-RF,  a  fast  growing  androgen-responsive 
FNCaP  cell  line  (Rothermund  et  al.,  2002)  and 
FNCaP/C4-2  (LNC4-2),  a  subline  derived  from  parental 
FNCaP  cells  that  acquired  phenotypes  of  androgen 
independence  (Thalmann  et  al .,  1994;  Wu  et  al.,  1994). 
Among  metastatic  prostate  cancer  cell  lines,  DU- 145 
showed  higher  C17orf37  expression  compared  to  PC-3 
(Figure  Id),  whereas  in  vitro  LNCaP  prostate  cancer 
progression  models — UR,  RF  and  R  along  with  LNCaP 
C4-2 — showed  similar  level  of  protein  expression 
(Figure  Id),  suggesting  C17orf37  expression  persists 
both  in  androgen-dependent  and  -independent  states  of 
prostate  cancer.  As  with  our  observations  made  at  the 
mRNA  level,  normal  prostate  epithelial  cell  lines  HPV18 
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C-l  and  PWR-1E  showed  undetectable  expression  of 
C17orf37  protein  (Figure  Id).  These  data  indicated  that 
expression  of  C17orf37  persists  throughout  prostate 
cancer  disease  progression,  both  in  early  stages  of 
androgen  dependency  to  late  stages  of  androgen 
independency,  with  minimal  expression  in  normal 
prostate  cell  lines. 
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C17orf37  is  overexpressed  in  high-grade  neoplastic  glands 
and  stroma  of  prostate  adenocarcinoma 
To  determine  the  expression  of  C17orf37  in  normal  and 
cancerous  prostate  tissues,  we  examined  C17orf37 
expression  in  archival  formalin-fixed  paraffin-embedded 
prostate  specimens  by  immunohistochemistry.  The 
hematoxylin  and  eosin  (Fl&E)-stained  specimens  were 
classified  into  normal,  benign  prostatic  hyperplasia 
(BPH),  moderately  differentiated  prostate  adenocarci¬ 
noma  and  poorly  differentiated  prostate  adenocarcino¬ 
ma  (Banerjee  et  al.,  2003;  Figures  2a  and  d)  by  anatomic 
pathologists.  Gleason  scores  of  the  prostate  carcinoma 
tissues  ranged  from  6  to  10,  thus  no  well-differentiated 
prostate  adenocarcinoma  specimens  (Gleason  score  2^4) 
were  available  for  our  study.  In  both  normal  prostate 
glands  (Figure  2b,  left)  and  transurethral  resection  of 
the  prostate  BPH  specimens  (Figure  2b,  middle), 
C17orf37  staining  was  minimal  in  prostatic  glands  and 
stroma.  Prostate  intraepithelial  neoplasm  (PIN)  showed 
moderately  increased  staining  of  C17orf37  (Figure  2c) 
compared  to  normal  or  BPH  glands  in  the  same  section. 
However,  in  moderately  differentiated  specimens 
C17orf37  expression  was  found  to  be  intense  in  the 
neoplastic  glands  and  stromal  cells  surrounding  the 
glands  (Figure  2e,  left).  Strong  C17orf37  expression  was 
found  throughout  the  poorly  differentiated  prostate 
cancer  sections  with  intense  diffused  stain  in  the  stroma 
around  the  malignant  cell  mass  and  invasive  edges 
(Figure  2e,  middle).  C17orf37  expression  was  intense  in 
the  fused  prostatic  glands  of  poorly  differentiated 
prostatic  cancer  (Figure  2e,  ‘inset’  middle).  The  isotype 
controls  (IgG)  for  each  specimen  did  not  show 
immunoreactivity  (Figures  2b  and  e,  right).  Taken 
together,  immunohistochemical  detection  of  C17orf37 
protein  showed  prevalent  expression  in  the  higher  grades 
of  prostate  adenocarcinoma  with  densely  stained  malig¬ 
nant  cells  compared  to  either  low  or  null  expression  in 
both  normal  and  BPH  specimens. 


Subcellular  localization  of  C17orf37  in  prostate 
cancer  cells 

We  investigated  the  intracellular  localization  of 
C17orf37  protein  in  prostate  cells.  In  DU-145  and 
LNCaP  cells,  western  immunoblot  of  cellular  fractions 
(Figure  3a)  and  immunocytochemical  detection  by 
confocal  microscopy  (Figure  3b,  left,  DU- 145;  right, 
LNCaP)  showed  endogenous  expression  of  C17orf37 
predominantly  in  the  cytosol.  Transient  transfection  of 
GFP-C17orf37  in  DU-145  (Figure  3c,  left),  LNCaP 
(Figure  3c,  middle)  and  HPV18  C-l  (Figure  3c,  right) 
prostate  cells  also  showed  similar  pattern  of  C17orf37 
expression.  Endogenous  C17orf37  and  GFP-C17orf37 
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Figure  1  C17orf37  mRNA  and  protein  expression  in  human  prostate  cancer  cells,  (a)  C17orf37  mRNA  expression  was  analysed  by 
real-time  PCR  in  prostate  cancer  cell  lines  DU- 145,  PC-3,  LNCaP-UR  and  LNCaP-R,  and  normal  prostate  epithelial  cell  line  HPV18 
C-l  and  prostate-derived  cell  line  PWR-1E.  Housekeeping  gene  p-actin  was  used  as  an  internal  control,  (b)  Western  immunoblot 
showing  the  expression  of  GST-C17orf37  protein  that  was  purified  and  thrombin  cleaved  to  generate  recombinant  C17orf37  protein, 
(c)  Summary  of  LC/ESI-MS/MS  analysis  for  the  predicted  C17orf37  after  tryptic  digestion  (4  unique  peptides  and  54%  sequence 
coverage,  62  out  of  115  amino-acid  residues  shown;  the  box  indicates  the  amino-acid  residues  covered  and  gray  highlight  denotes 
conversion  of  E  to  <E  upon  proteolytic  digestion),  (d)  C17orf37  protein  was  analysed  by  western  immunoblot  in  a  panel  of  prostate 
cancer  cell  lines  including  DU-145,  PC-3  and  LNC4-2  (androgen  independent);  LNCaP  progression  model  LNCaP-UR.  LNCaP-RF 
and  LNCaP-R  (from  androgen  independent  to  dependent);  and,  normal  prostate  epithelial  cell  line  HPV18  C-l  and  PWR-1E. 
Housekeeping  gene  glyceraldehyde-3-phosphate  dehydrogenase  (GAPDH)  served  as  loading  control.  Expression  of  C17orf37  protein 
was  higher  in  prostate  cancer  cells  compared  to  normal  prostate  cells. 


localized  primarily  in  the  cytoplasm  of  the  transfected 
cells,  densely  in  the  perinuclear  area  around  the 
membrane  (white  arrows)  and  less  in  the  nucleus 
(Figures  3b  and  c).  Localization  was  similar  in  both 


C17orf37-positive  prostate  cancer  cells  DU-145  and 
LNCaP,  and  a  null  C17orf37  HPV18  C-l  (Figure  3c). 
Fo  determine  whether  C17orf37  is  a  membrane-bound 
protein,  we  performed  total  internal  reflection  fluores- 


Figure  2  Expression  of  C17orf37  in  human  normal,  benign  prostatic  hyperplasia  (BPH)  and  prostate  adenocarcinoma  tissue 
specimens.  Representative  images  of  normal  prostate  gland  (a,  b,  left),  BPH  (a,  b,  middle),  prostate  intraepithelial  neoplasm  (c), 
moderately  differentiated  (Gleason  score  6)  (d.  e,  left)  and  poorly  differentiated  (Gleason  score  9)  (d,  e,  middle)  prostate  carcinoma. 
Sections  were  stained  with  hematoxylin  and  eosin  (H&E)  (a,  d)  and  ORF37  antibody  (b,  c  and  e).  (b)  Left,  C17orf37  expression  was 
found  to  be  minimal  in  both  normal  prostate  glands  (n  =  6);  (b)  middle,  in  BPH  prostate  specimens  (n  =  6)  and  (b)  right,  negative  in 
IgG  control,  (c)  C17orf37  staining  in  PIN  glands  shows  presence  of  protein  in  early  stages  of  cancer  progression,  (e)  Left,  moderately 
differentiated  prostate  adenocarcinoma  tissue  sections  show  increased  expression  of  C17orf37  in  both  neoplastic  glands  and  prostatic 
stroma  (n=  15);  (e)  middle  panel,  poorly  differentiated  prostate  adenocarcinoma  tissue  sections  showed  fusion  of  neoplastic  glands 
with  intense  diffused  C17orf37  immunostain  («=12),  inset,  C17orf37  expression  in  the  prostatic  glands  in  poorly  differentiated 
carcinoma  and  (e)  right  panel,  negative  staining  in  IgG  control.  All  images  are  x  100  of  original  magnification  except  (c)  left,  which  is 
x  40  of  original  magnification. 
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Figure  3  Subcellular  localization  of  C17orf37  in  human  prostate  cancer  cell  lines,  (a)  Subcellular  fractionation  followed  by  western 
immunoblot  showing  endogenous  expression  of  C17orf37  in  the  cytosolic  fractions  of  DU-145  and  LNCaP-R  prostate  cancer  cells.  The 
purity  of  the  cytosolic  (CE)  and  nuclear  extracts  (NE)  was  determined  using  cytosolic  marker  protein  actin  and  nuclear  protein  lamin. 
(b)  Immunofluorescent  staining  of  endogenous  C17orf37  expression  in  DU-145  (middle)  and  LNCaP-R  (right)  prostate  cancer  cells. 
Confocal  images  show  intense  C17orf37  staining  in  the  cytosolic  compartment  with  dense  spots  in  the  membrane.  Original 
magnification,  x  40.  (c)  GFP-C17orf37  construct  was  transiently  transfected  in  DU- 145  (left),  LNCaP  (middle)  and  HPV18  C-l  cells 
(right).  The  cells  were  then  fixed  and  imaged  by  confocal  microscopy.  GFP-C17orf37  was  visualized  as  green  fluorescent  signals  mostly 
in  the  cytosolic  area  predominantly  in  the  membrane.  Original  magnification,  x  40.  (d)  DU-145  (left  and  right)  and  LNCaP-R  cells 
(middle  panel)  were  grown  in  coverslips,  fixed,  unpermeabilized  and  treated  with  anti-C17orf37  (left  and  middle)  or  anti-tubulin  (right) 
antibody.  Coverslips  were  mounted  on  special  total  internal  reflection  fluorescence  (TIRF)  coverslips  as  mentioned  in  the  Materials  and 
methods  section.  Slides  were  visualized  by  TIRFM.  Spots  as  seen  in  the  images  depict  the  membrane  localization  of  C17orf37  in 
prostate  cancer  cells.  Original  magnification,  x  60  oil  immersion.  White  arrows  indicate  membrane  localization  of  C17orf37  in  prostate 
cancer  and  noncancerous  cells. 


cence  microcopy  (TIRFM)  to  monitor  membrane 
localization  of  C17orf37.  In  the  TIRFM,  the  evanescent 
wave  produced  by  the  visible  light  at  the  cell/substratum 
interface  penetrates  only  1 00-200  nm  with  decaying 
intensity  with  the  distance,  allowing  detection  of  protein 
molecules  associated  with  the  plasma  membrane  (Ax¬ 
elrod,  2001).  DU-145  and  LNCaP  (Figure  3d,  left  and 
middle,  respectively)  cells  labeled  with  ORF37  antibody 
tagged  to  Alexa  fluorophore-568  showed  numerous 
dense  spots  of  C17orf37  protein  in  the  membrane  region 
(Figure  3d).  We  used  intracellular  cytoskeletal  protein 
tubulin  as  a  control  for  our  experiments,  but  TIRFM 
failed  to  image  tubulin  protein  molecules  on  the 
membrane  (Figure  3d,  right).  These  results  indicated 
that  C17orf37  is  a  cytosolic  protein  with  predominant 
membrane  localization  in  prostate  cancer  cells. 

Expression  of  C17orf37  enhances  the  in  vitro  invasive  and 
migratory  potential  of  prostate  cancer  cells 
Our  results  show  expression  of  C17orf37  is  higher  in 
advanced  prostate  adenocarcinomas  (Gleason  grades:  6 


and  9)  compared  to  normal  prostate  tissues  (Figures  2b 
and  e).  Metastases  of  malignant  cells  to  distant  tissues  or 
organs  are  mediated  by  cellular  migration,  invasion  and 
proteolytic  activity  that  degrade  tissue  barrier  (Sliva, 
2004).  To  investigate  the  function  of  C17orf37  in 
prostate  cancer  cell  migration,  we  studied  the  effect  of 
C17orf37  downregulation  on  the  migratory  potential  of 
DU-145  cells.  Using  gene-specific  siRNA  at  varying 
concentrations,  we  blocked  the  endogenous  expression 
of  C17orf37  in  DU-145  cells  (Figure  4a).  An  in  vitro 
agarose  gel  bead  assay  was  performed  with  C17orf37 
knocked-down  DU-145  cells,  to  determine  the  dose- 
dependent  effect  of  siRNA-C17orf37  on  DU-145  cell 
migration.  As  shown  in  Figure  4b,  siRNA-C17orf37 
treatment  (Figure  4b,  III-V)  reduced  the  number  of 
DU- 145  cells  that  could  migrate  out  of  the  agarose  gel 
bead  into  the  medium  compared  to  wild-type  or  control- 
siRNA-treated  (Figure  4b,  I  II)  cells.  siRNA-C17orf37 
treatment  at  100  nM  resulted  in  ~  10-fold  decrease  in 
migration  of  DU-145  cells  (PcO.OOOl)  compared  to 
control  wild-type  cells  (Figure  4c).  In  vitro  tumor 
invasion  assay  also  showed  reduced  invasive  ability  of 
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DU-145  cells  treated  with  siRNA-C17orf37  (Figure  4d). 
To  verify  expression  of  C17orf37  has  a  dominant  effect 
on  tumor  cells  invasion,  we  assessed  invasiveness  of  DU- 
145  and  PC-3  cells  overexpressed  with  GFP-C17orf37. 
C17orf37-positive  DU-145  prostate  cancer  cells  showed 
~  1.8-fold  increase,  whereas  PC-3,  with  low  endogenous 
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C17orf37  expression,  showed  ~  1.75-fold  increase  in 
invasion  compared  to  respective  controls  (Figure  4e). 

Stable  overexpression  of  GFP-C17orf37  construct 
in  DU-145  cells  (DU-GFP-C17orf37)  dramatically 
increased  the  invasiveness  ~2.6-  and  ~  1.95-fold 
compared  to  parental  DU- 145  cells  (Supplementary 
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Figure  4  C17orf37  expression  regulates  migration  and  invasion  of  prostate  cancer  cells,  (a)  DU-145  cells  were  transfected  with 
transfection  media  alone  (mock);  non-targeting  scrambled  siRNA  (control  siRNA);  and  100.  75  and  50  nM  doses  of  C17orf37-specific 
siRNA.  Following  48  h  of  transfection,  C17orf37  protein  knockdown  was  confirmed  by  western  immunoblot  using  ORF37  antibody 
and  compared  to  glyceraldehyde-3-phosphate  dehydrogenase  (GAPDH).  Blot  is  representative  image  of  four  independent  experiments, 
(b)  At  48  h  of  post-transfection  DU-145  cells  were  mixed  in  low  melting  agarose  and  growth  medium,  and  plated  on  fibronectin-coated 
plates  to  form  a  semisolid  gel  bead.  Representative  pictures  taken  after  36h  show  the  number  of  DU-145  cells  that  migrate  out  of  the 
gel  beads  treated  with — I,  transfection  medium  only  (mock);  II,  nontargeting  siRNA  (control  siRNA);  III,  100  nM  of  C17orf37-specific 
siRNA;  IV,  75  nM  of  C17orf37  siRNA;  V,  50  nM  of  C17orf37-specific  siRNA  and  VI,  VI  shows  the  normal  morphology  of  the  DU-145 
cells  that  migrate  out  of  the  agarose  gel  beads,  (c)  Graphical  representation  of  fold  change  in  DU- 145  prostate  cancer  cell  migration 
compared  to  control  (untreated)  wild-type  cells,  (d)  DU-145  cells  transfected  with  mock,  nontargeting  control  siRNA,  and  100,  75  and 
50  nM  siRNA-C17orf37  were  incubated  for  48  h.  After  the  transfection  phase.  DU-145  cells  were  seeded  onto  Matrigel-coated  BD 
BioCoat  Tumor  Invasion  system  and  allowed  to  migrate  toward  10%  serum  for  24h.  Fold  change  of  invasion  was  calculated  as 
described  in  Materials  and  methods  section,  (e)  DU-145  and  PC-3  cells  were  transiently  transfected  with  transfection  media  alone 
(mock),  EGFP-C1  vector  only  (GFP)  and  EGFP-C17orf37  plasmid  (GFP-C17orf37).  After  24h,  cells  were  seeded  onto  Matrigel- 
coated  tumor  invasion  chambers  and  allowed  to  migrate  toward  serum  for  24  h  at  37  °C.  Fold  change  of  invasion  and  migration  was 
calculated  as  described  in  Materials  and  methods  section.  Columns  (c-e)  are  mean  of  three  independent  experiments;  bars,  s.d. 
**/><0.0001  and  */><0.05,  relative  to  mock  treatment  of  cells;  statistical  analysis  included  Student’s  t-test  for  calculating  significant 
differences  within  groups. 
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Figure  3),  indicating  overexpression  of  C17orf37 
protein  leads  to  increased  invasive  behavior  in  prostate 
cancer  cells. 


Downregulation  of  C17orf37  results  in  reduced  expression 
of  MM  P-9,  uPA  and  VEGF  by  lowering  NF-kB 
DNA-binding  activity  in  DU- 145  prostate  cancer  cells 
Migration  and  invasion  of  malignant  cells  is  facilitated 
by  specific  proteases  like  MMPs  (such  as  MMP-9)  and 
serine  proteases  (such  as  uPA)  that  degrade  the  ECM 
(Sliva,  2004).  During  prostate  cancer  progression  these 
molecules  are  found  to  be  predominantly  upregulated  to 
facilitate  migration  and  invasion  (Wilson  and  Sinha, 
1993;  Lokeshwar,  1999;  Wilson  et  al.,  2004;  Helenius 
et  al.,  2006;  Li  and  Cozzi,  2007).  Prostate  cancer  cells 
also  secrete  high  levels  of  growth  factors  like  VEGF, 
which  is  an  important  mediator  of  angiogenesis, 
proliferation  and  migration  (Hicklin  and  Ellis,  2005). 
To  investigate  whether  C17orf37  protein  has  any  effect 
on  the  metastasis-related  genes,  we  knocked  down 
endogenous  C17orf37  in  DU-145  cells  and  analysed 
expression  of  several  genes  that  facilitate  prostate  cancer 
metastasis  and  promote  ECM  cleavage.  We  observed 
suppression  of  endogenous  C17orf37,  simultaneously 
reduced  MMP-9,  uPA  and  VEGF  expression  as 
measured  by  RT-PCR  (Figure  5a)  and  western  im- 
munoblot  (Figure  5b)  compared  to  nontargeting  siRNA 
(control  siRNA).  To  determine  if  C17orf37  expression 
increases  MMP-9,  uPA  and  VEGF  protein  in  prostate 
cancer  cells,  we  overexpressed  C17orf37  in  DU- 145 
cells  by  transient  transfection  of  GFP-C17orf37 
plasmid.  As  shown  in  Figure  5c,  western  immunoblot 
confirmed  overexpression  of  C17orf37  increases  endo¬ 
genous  MMP-9,  uPA  and  VEGF  protein  compared  to 
vector-treated  cells.  Interestingly,  silencing  of  C17orf37 
in  DU-145  prostate  cancer  cells  resulted  in  reduced 
mRNA  expression  of  both  the  isoforms  of  VEGF 
(VEGF165  and  VEGF12i;  Figure  5a).  VEGF12i  isoform 
is  rapidly  secreted  and  freely  diffuses  into  the  tissues, 
whereas  VEGF165  the  potent  isoform  functionally  active 
in  most  angiogenic  states  (Connolly  and  Rose,  1998; 
Woolard  et  al.,  2004)  was  found  to  be  regulated  by 
C17orf37  (Figures  5b  and  c).  To  quantitate  the  relative 
amount  of  secreted  VEGF  (both  the  isoforms)  and 
MMP-9  we  performed  enzyme-linked  immunosorbent 
assay  (ELISA)  of  conditioned  media  from  DU-145  cells 
overexpressed  or  depleted  C17orf37  protein.  Our  results 
show  that  secreted  MMP-9  and  VEGF  protein  are 
significantly  altered  due  to  C17orf37  expression  com¬ 
pared  to  respective  controls  (Figure  5d). 

MMP-9,  uPA  and  VEGF  genes  are  transcriptionally 
upregulated  by  NF-kB,  which  is  constitutively  active  in 
prostate  cancer  cells  (Suh  and  Rabson,  2004).  We 
performed  electrophoretic  mobility  shift  assay  (EMSA) 
to  evaluate  the  DNA-binding  activity  of  NF-kB  in 
C17orf37-silenced  DU-145  cells.  Our  results  indicate 
increasing  concentration  of  C17orf37-specihc  siRNA 
effectively  inhibited  NF-kB  DNA-binding  activity  in  a 
dose-dependent  manner  (Figure  6a).  These  results  show 
that  C17orf37  increases  migration  and  invasion  in 


prostate  cancer  by  NF-KB-mediated  genes  MMP-9, 
uPA  and  VEGF.  In  prostate  cancer  cells,  constitutive 
activation  of  NF-kB  is  mediated  by  upstream  protein 
kinase  B  (PKB/Akt)  (Fresno  Vara  et  al.,  2004),  so  we 
performed  western  immunoblot  to  detect  the  levels  of 
phosphorylated  Akt  (p-Akt)  and  total  Akt.  p-Akt  is  the 
active  form  of  the  protein  that  cascades  the  intracellular 
signaling  and  our  results  show  blocking  of  C17orf37  by 
siRNA  dramatically  reduced  p-Akt  level  in  DU- 145  cells 
(Figure  6b).  C17orf37-specific  siRNA  (100  mu)  treat¬ 
ment  abolished  80%  phosphorylation  of  Akt  in  DU-145 
cells  (Supplementary  Figure  4)  whereas  the  total  Akt 
expression  was  constant  when  normalized  to  loading 
control  glyceraldehyde-3-phosphate  dehydrogenase 
(GAPDH).  We  also  observed  reduction  in  the  phos¬ 
phorylated  form  of  ERK1/2  compared  to  total  ERK1/2 
(Figure  6b),  however  the  extent  of  reduction  was  not 
significant  when  compared  to  Akt  activation  (Supple¬ 
mentary  Figure  4).  To  validate  our  observation,  we 
measured  p-Akt/Akt  level  and  NF-kB  DNA-binding 
activity  in  DU-145  cells  stably  overexpressing  GFP- 
C17orf37  (DU-GFP-C17),  and  as  expected  phosphor¬ 
ylation  of  Akt  and  NF-kB  activity  was  significantly 
higher  in  C17orf37-overexpressed  cells  compared  to 
vector  control  cells  (DU-GFP)  (Figure  6c).  These  results 
demonstrate  that  C17orf37  mediates  prostate  cancer  cell 
migration  and  invasion  through  NF-kB  downstream 
target  genes  MMP-9,  uPA  and  VEGF. 


Discussion 

C17orf37  is  a  novel  gene  located  on  human  chromosome 
1 7q  1 2,  in  the  ‘hot  spot  locus  of  cancer’  that  contains 
multiple  genes  that  have  been  shown  to  be  involved 
in  the  progression  of  cancer.  C17orf37  gene  is  505 
nucleotides  from  ERBB2  oncogene,  which  has  been 
demonstrated  as  an  important  factor  for  development  of 
hormone  refractory  prostate  cancer  (Berger  et  al.,  2006). 
Although  C17orf37  overexpression  in  breast  cancer  has 
been  linked  with  genomic  amplification  of  Her-2/neu 
locus,  recent  report  has  confirmed  overexpression  of 
C17orf37  in  Her-2/nen-negative  breast  cancer  patients 
and  breast  tumor  cell  lines,  suggesting  independent 
transcriptional  control  mechanisms  for  C17orf37 
(Evans  et  al.,  2006).  In  the  present  study,  we  show  that 
C17orf37  expression  is  consistently  higher  in  both 
androgen-dependent  and  -independent  prostate  cancer 
cell  lines  and  clinical  prostate  cancer  tissues  examined, 
compared  to  either  low  or  null  expression  in  normal  and 
BPH  prostate  cells  and  tissues  (Figures  1  and  2).  In 
clinical  prostate  cancer  specimens,  higher  Gleason- 
scored  tumors  showed  increased  C17orf37  expression 
compared  to  lower  scores,  suggesting  C17orf37  expres¬ 
sion  may  increase  with  grade  and  stage  of  cancer. 
However,  the  small  number  of  established  prostate 
cancer  cell  lines  does  not  show  significant  changes  in 
C17orf37.  A  larger  study  with  more  patient  population 
will  be  necessary  to  establish  C17orf37  as  a  biomarker 
for  prostate  cancer  progression.  Our  data  provide  the 
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Figure  5  siRNA-mediated  silencing  of  C17orf37  results  in  the  downregulation  of  matrix  metalloproteinase  9  {MMP-9),  urokinase 
plasminogen  activator  (uPA)  and  vascular  endothelial  growth  factor  ( VEGF)  expression.  DU-145  cells  were  transiently  transfected 
with  transfection  media  (DharmaFECT)  alone  (mock),  nontargeting  siRNA  (control  siRNA)  and  SMART  pool  siRNA  specific  to 
C17orf37  (100nM).  (a)  After  70  h  total  RNA  was  isolated  and  the  mRNA  expression  of  MMP-9,  uPA  and  VEGF  was  analysed  by 
reverse  transcription  (RT)-PCR.  Flousekeeping  gene  ji-actin  served  as  internal  control,  (b)  At  96  h  after  transfection  total  protein  was 
isolated  and  30  pg  of  protein  was  used  to  perform  western  immunoblot.  Expression  of  MMP-9,  uPA  and  VEGF  protein  was  analysed 
in  mock,  control  siRNA  and  C17orf37-specific  siRNA  (100  iim;  in  duplicate)-treated  DU-145  prostate  cancer  cells,  (c)  C17orf37  was 
overexpressed  by  transiently  transfecting  DU-145  cells  with  GFP-C17orf37  plasmid.  Lipofectamine-treated  (mock)  and  green 
fluorescent  protein  (GFP)  vector  transfected  cells  were  used  as  controls.  After  24  h  total  protein  was  isolated  and  15  pg  of  protein  was 
used  to  perform  western  immunoblot.  Figures  show  expression  of  MMP-9,  uPA  and  VEGF  in  mock-treated,  GFP  vector  only  and 
GFP-C17orf37-treated  DU-145  cells  (in  duplicate).  All  western  blot  images  are  representative  of  four  independent  experiments,  (d) 
Enzyme-linked  immunosorbent  assays  (ELISA)  of  conditioned  media  from  DU-145  cells  treated  as  in  (b)  and  (c)  were  used  to  estimate 
MMP-9  and  VEGF.  Fold  change  of  concentration  was  determined  by  a  ratio  of  quantitative  values  of  MMP-9  (ng/ml  per  105  cells)  and 
VEGF  (pg/ml  per  105  cells)  in  experimental  group  to  Ihe  control  group.  Columns,  mean  of  four  independent  experiments;  bars,  s.d. 
*.P<0.005  relative  to  mock  (DharmaFECT)  treated  (MMP-9);  #P< 0.005  relative  to  mock  treated  (VEGF);  **p< 0.05  relative  to  mock 
(Lipofectamine)  treated  (MMP-9)  and  MP<0.05  relative  to  mock  treated  (VEGF);  statistical  analysis  included  Student’s  /-test  for 
calculating  significant  differences  within  groups. 
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first  evidence  that  C17orf37  expression  positively 
correlates  with  the  migratory  and  invasive  potential  of 
metastatic  prostate  cancer  cells  and  thereby  can  be 
regarded  as  a  potential  biomarker  for  the  disease 
progression.  This  is  the  first  report  delineating  the  role, 
functional  significance  and  a  proposed  mechanism 
through  which  this  novel  gene  C17orf37  governs 
prostate  cancer  progression. 

C17orf37  gene  encodes  a  protein  (accession  no. 
NP_1 1571 5)  of  115  amino  acids  with  a  molecular  weight 
of  ~12kDa  (Figure  lc;  Supplementary  Figure  S2)  that 
has  no  sequence  similarity  with  any  known  genes  or 
proteins  (Evans  et  al.,  2006;  Kauraniemi  and  Kallioniemi, 

2006) .  By  immunoconfocal  microscopy,  TIRFM  and 
cellular  fractionation  studies  we  show  that  C17orf37  is 
predominantly  a  cytosolic  protein,  densely  located  in  the 
cell  membrane  (Figure  3).  In  migrating  prostate  cancer 
cell,  C17orf37  protein  primarily  localizes  to  the  leading 
edge  of  cell  (Supplementary  Figure  5).  Careful  analysis 
of  the  C17orf37  protein  sequence  (Figure  lc)  revealed  a 
‘CaaX’  prenylation  motif  comprising  of  last  four  amino 
acids  ‘CVIL’  at  the  C-terminal  end.  ‘CaaX’  group  of 
proteins  are  either  farnesylated  or  geranylgeranylated  by 
enzymes  farnesyltransferase  and  geranylgeranyl  trans¬ 
ferase  type  I  (GGTase-I),  respectively.  If  ‘X’  is  leucine, 
protein  is  preferentially  modified  by  GGTase-I  enzyme 
(Fu  and  Casey,  1999),  suggesting  C17orf37  transloca¬ 
tion  to  the  membrane  may  be  mediated  by  GGTase-I. 
Pre-PS  (prenylation  prediction  suite)  predicted  C17orf37 
to  be  prenylated  preferentially  by  the  enzyme  GGTase-I 
with  a  P-value  =  0.00049  (Maurer-Stroh  and  Eisenha- 
ber,  2005)  and  this  idea  was  also  supported  by  a  recent 
report  (Evans  et  al.,  2006). 

‘CaaX’-type  prenylated  proteins  are  primarily  located 
at  the  cytoplasmic  face  of  cellular  membranes  and  in 
cancer  cells  these  proteins  are  found  to  have  significant 
function  in  oncogenic  transformation,  cytoskeletal 
organization,  cellular  proliferation,  migration,  invasion 
and  metastasis  (Virtanen  et  al.,  2002;  Winter-Vann  and 
Casey,  2005;  Kelly  et  al.,  2006).  By  RNAi-mediated 
C17orf37  gene  silencing  and  also  by  overexpressing 
C17orf37  in  prostate  cancer  cells,  we  successfully 
established  that  C17orf37  regulates  migration  and 
invasion  (Figure  4).  Even  in  patients  with  metastasis  of 
breast  cancer  to  liver  and  lungs,  abundant  expression  of 
C17orf37  protein  has  been  reported  (Evans  et  al.,  2006). 
Migration  and  invasion  of  cancer  cells  are  the  hallmark 
of  malignant  neoplastic  proliferation  beyond  the  vas¬ 
cular  boundaries  facilitated  by  ECM  cleavage  by 
proteolytic  enzymes.  SiRNA  mediated  knockdown  of 
C17orf37  in  DU- 145  cells,  reduced  mRNA  and  protein 
expression  of  important  proteolytic  enzymes  MMP-9 
and  uPA,  and  potent  angiogenic  molecule  VEGF 
(Figure  5),  suggesting  Cl 7orf37  may  act  as  an  important 
upstream  signaling  molecule  enhancing  the  transcription 
of  these  genes.  uPA  binding  to  its  receptor  uPA-R  at  the 
cell  surface  converts  inactive  plasminogen  to  active 
plasmin,  and  thereby  cleaves  ECM  proteins  inducing 
migration  and  invasion  of  malignant  cells  (Li  and  Cozzi, 

2007) .  MMP-9  specifically  cleaves  ECM  proteins  like 
gelatin,  collagen  I  and  IV,  vitronectin  and  fibronectin 


resulting  in  metastatic  dissemination  of  malignant  cells 
(Price  et  al.,  1997).  In  prostate  cancer  development, 
angiogenic  growth  factor  VEGF  has  key  function  in 
promoting  tumor  growth  and  metastatic  progression  of 
the  disease.  MMP-9,  uPA  and  VEGF  have  been 
reported  to  be  overexpressed  in  invasive  prostate  cancer 
(Wilson  and  Sinha,  1993)  and  are  positively  correlated 
with  poor  prognosis  (Sheng,  2001).  We  show  here  that 
by  modulating  C17orf37  expression  in  DU-145  meta¬ 
static  prostate  cancer  cells,  expression  of  these  key 
molecules  is  significantly  reduced,  thereby  inhibiting 
prostate  cancer  cell  migration  and  invasion. 

In  invasive  prostate  cancer  cells,  increased  expression 
of  MMP-9 ,  uPA  and  VEGF  genes  is  regulated  by 
transcriptional  activation  of  NF-kB  (Huang  et  al., 
2001).  Activation  of  NF-kB  is  due  to  increased  activity 
of  upstream  kinase  IKK  complex  that  greatly  reduces 
the  half-life  of  the  inhibitory  IkBcc,  thereby  inducing 
nuclear  localization  of  NF-kB  (Suh  and  Rabson,  2004). 
Knockdown  of  C17orf37  by  gene-specific  siRNA 
simultaneously  reduced  the  DNA-binding  activity  of 
NF-kB,  indicating  C17orf37-mediated  signaling  may 
modulate  MMP-9,  uPA  and  VEGF  genes  through 
NF-kB  pathway.  This  also  justifies  C17orf37  as  an 
upstream  signaling  molecule  of  NF-kB.  PI3K-Akt  and 
mitogen-activated  protein  kinase  are  the  two  upstream 
signaling  pathways  that  have  been  shown  to  be 
responsible  for  constitutive  activation  of  IKK  complex 
and  NF-kB  (Suh  and  Rabson,  2004).  In  prostate  cancer 
cells,  PI3K-Akt  works  like  a  signaling  hub  mainly  as  a 
downstream  effector  of  tyrosine  kinase  growth  factor 
receptors.  Modulation  of  C17orf37  dramatically  altered 
the  phosphorylation  of  Akt  at  Ser-473  (Figure  6),  which 
indicates  C17orf37  may  act  as  an  inducer  of  Akt 
phosphorylation.  The  ratio  of  phosphorylated  ERK1/2 
to  the  total  ERK1/2  also  decreased,  albeit  minimally, 
when  compared  to  the  control-siRNA-treated  DU- 145 
cells.  This  decrease  in  ERK1/2  phosphorylation  may  be 
due  to  the  reduced  expression  of  uPA  protein  upon 
C17orf37  silencing.  In  prostate  cancer  cells,  uPA  binds 
to  its  cell-surface  receptor  uPA-R  thereby  activating 
ERK1/2  signaling  (Jo  et  al.,  2005).  Several  studies  have 
shown  that  knockdown  of  uPA  abolishes  the  ERK1/2 
phosphorylation  (Aguirre  Ghiso  et  al.,  1999),  indicating 
decrease  in  ERK1/2  phosphorylation  in  C17orf37 
knockdown  cells  may  be  due  to  the  downstream  target 
molecule  uPA. 

Thus,  based  on  our  data,  we  propose  a  mechanistic 
model  for  C17orf37-mediated  signaling  in  prostate 
cancer  invasion  and  signaling  (Figure  6d).  In  response 
to  extracellular  stimuli,  growth  receptors  (tyrosine 
kinase)  present  on  the  prostate  cancer  cells  cascade 
down  the  signal  activating  PI3K.  This  results  in  the 
activation  of  AKT  that  translocates  to  the  membrane 
where  it  is  phosphorylated  at  Ser-473  (Chan  et  al.,  1999). 
Prenylated  protein  C17orf37  also  remains  localized  to 
the  cytosolic  face  of  the  membrane  (may  be  as  an 
adapter  protein)  and  in  turn  controls  the  downstream 
signaling  of  activated  p-AKT.  Whether  this  effect  is 
direct  or  mediated  through  other  adapter  proteins  that 
physically  interact  with  C17orf37  on  the  membrane 
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Figure  6  Knockdown  of  C17orf37  by  siRNA  reduces  the  nuclear  factor-icB  (NF-kB)  DNA-binding  activity  by  suppressing  the  AKT 
activation,  (a)  Electrophoretic  mobility  shift  assay  (EMSA)  was  carried  out  by  incubating  5  pg  of  nuclear  protein  extracts  from  DU-145  cells 
treated  with  nontargeting  siRNA  (control  siRNA)  and  50,  75  and  100  nM  siRNA  specific  to  C17orf37.  DU-145  cells  treated  with  transfection 
media  (mock)  and  in  presence  of  competitive  oligonucleotides  to  the  probe  (competitor)  were  used  as  controls.  The  nonsignificant  band  (NS) 
present  in  all  the  lanes  did  not  have  any  effect  even  in  the  presence  of  competitor,  (b)  DU-145  prostate  cancer  cells  were  transiently 
transfected  with  nontargeting  siRNA  (control  siRNA),  and  increasing  concentration  of  C17orf37-specific  siRNA  at  50,  75  and  100  nM  dose 
for  48  h.  The  expression  of  C17orf37.  phospho-AKT  (Ser  473),  total  AKT,  phospho-ERKl/2  and  total  ERK1/2  was  detected  by  western 
immunoblotting.  Housekeeping  gene  glyceraldehyde-3-phosphate  dehydrogenase  (GAPDH)  was  used  as  loading  control  to  normalize  the 
total  AKT  and  ERK1/2  protein  levels,  and  then  used  to  determine  the  ratio  of  the  phosphorylated/total  AKT  and  ERK,  respectively. 
Numbers  indicate  the  normalized  expression  ratio  expressed  as  mean  of  three  independent  experiments,  (c)  Western  immunoblotting 
showing  phospho-AKT  and  total  AKT  (top  panel),  and  EMSA  showing  NF-icB  DNA-binding  activity  (bottom  panel)  in  polyclonal 
populations  overexpressing  either  DU-GFP  (DU-145  stably  expressing  GFP  vector)  or  DU-GFP-C17  (DU-145  stably  expressing  GFP- 
C17orf37)  in  two  independent  pools  1  and  2.  Western  blot  and  EMSA  images  are  representative  of  three  independent  experiments, 
(d)  Proposed  working  model  for  C17orf37  signaling  in  prostate  cancer  cells. 
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needs  further  investigation.  Activated  AKT  phosphor- 
ylates  IKK  complex  that  then  results  in  the  transloca¬ 
tion  of  NF-kB  to  the  nucleus  by  reducing  the  half-life  of 
IkBoc  (Suh  and  Rabson,  2004).  In  the  nucleus  NF-kB 
acts  as  transcription  factor  resulting  in  the  enhanced 
expression  of  downstream  target  genes  MMP-9 ,  uPA 
and  VEGF.  These  molecules  are  then  secreted  by 
prostate  cancer  cells  and  thereby  increase  the  invasive¬ 
ness  of  prostate  cancer  cells  (Sliva,  2004). 

In  summary,  we  find  that  C17orf37  is  highly  expressed 
in  prostate  cancer  cells  and  tissues,  compared  to 
minimal  expression  in  normal  prostate  cells.  C17orf37 
is  predominantly  expressed  as  a  membrane-bound 
cytosolic  protein  and  actively  regulates  prostate  cancer 
cell  migration  and  invasion  by  upregulating  the  expres¬ 
sion  of  MMP-9,  uPA  and  VEGF.  In  addition,  down- 
regulation  of  C17orf37  by  specific  siRNA  reduced  the 
DNA-binding  activity  of  NF-kB,  substantiating  the  fact 
that  C17orf37  expression  contributes  to  the  develop¬ 
ment  of  invasive  prostate  cancer  through  NF-kB- 
mediated  downstream  target  genes.  Interestingly,  AKT 
activity  was  reduced  due  to  C17orf37  gene  silencing 
suggesting  membrane-bound  C17orf37  may  be  a  poten¬ 
tial  regulator  of  AKT  phosphorylation.  We  believe  our 
results  are  the  first  report  to  deduce  the  functional 
importance  of  so-called  ‘hypothetical  protein’  C17orf37 
that  may  be  considered  as  a  potential  therapeutic  target 
for  cancer  therapy. 


Materials  and  methods 

Cell  lines  and  culture  conditions 

Details  describing  cell  culture  and  reagents  are  provided  in  the 
Supplementary  information. 

Cloning,  expression  and  purification  of  recombinant  C17orf37 
Information  about  the  plasmids  constructed  for  the  study  and 
details  about  the  protein  expression  and  purification  are  given 
in  Supplementary  information. 

Transfection  procedures  and  siRN A-mediated  gene  silencing  of 
C17orf37 

Stable  and  transient  transfection  of  DU- 145,  LNCaP  and 
ffPV18  C-l  cells  was  performed  using  Lipofectamine  2000 
(Invitrogen,  Carlsbad,  CA,  USA)  with  plasmid  DNA  (green 
fluorescent  protein  (GFP)  vector  or  GFP-C17orf37).  For 
C17orf37  knockdown  experiments,  human  C17orf37 
(NM_032339)  smart  pool  siRNA  (siRNA-C17orf37)  and 
human  nontargeting  scrambled  siRNA  duplex  (control 
siRNA)  were  purchased  from  Dharmacon  (Lafayette,  CO, 
USA)  and  transfected  in  DU- 145  cells  according  to  manu¬ 
facturer’s  instructions.  Details  are  provided  in  Supplementary 
information. 

Isolation  of  total  RNA  and  quantitative  reverse-transcription 
PCR 

Information  about  the  RNA  extraction  and  q-RT-PCR  is 
included  in  Supplementary  information. 

Cell  fractionation  and  immunoblotting 

Whole-cell  protein  extracts  were  prepared  from  prostate  cell 
lines  as  described  previously  (Das  et  ah,  2007).  Cytosolic  and 


nuclear  fractions  of  DU- 145  and  LNCaP  cells  were  prepared 
using  the  NE-PER  nuclear  and  cytoplasmic  extraction  kit 
(Pierce,  Rockford,  IL,  USA)  according  to  the  manufacturer’s 
instructions.  Bacterial  cell  lysates  were  prepared  using  B-PER 
extraction  kit  (Pierce).  Western  immunoblot  was  performed 
using  a  15%  gel  for  C17orf37  protein  analysis  and  10%  for 
other  proteins,  as  described  previously  (Das  et  al.,  2007).  List 
of  antibodies  purchased  for  the  study  is  included  in  the 
Supplementary  information. 


Mass  spectrometry  and  liquid  chromatography— tandem  mass 
spectrometry 

Mass  spectrometry  was  performed  using  FTICR  instrument 
(LTQ-FT;  Thermo  Fisher,  San  Jose,  CA,  USA)  as  described  in 
Supplementary  information. 


Confocal  microscopy ,  immunofluorescence  and  TIRFM 
DU- 145  and  LNCaP  cells  were  grown  on  glass  coverslips  and 
treated  with  C17orf37  antibody  (Zymed,  Carlsbad,  CA,  USA). 
For  confocal  images,  cells  were  visualized  on  a  Zeiss  LSM  410 
confocal  microscope  and  images  were  captured  using  LSM  4 
software  (Carl  Zeiss  Microimaging).  For,  TIRFM,  cells  were 
grown  on  coverslips  and  then  fixed  by  2%  paraformaldehyde. 
Unpermeabilized  cells  were  then  washed  with  PBS  and  treated 
with  C17orf37  or  tubulin  antibody  (Calbiochem)  followed  by 
Alexa-568-conjugated  secondary  antibody.  Coverslips  were 
then  mounted  on  specialized  cover  glass  1  (22  x  50  mm  size; 
Corning,  Lowell,  MA,  USA).  For  TIRF  images,  cells  were 
visualized  on  an  Olympus  1X71  microscope  with  commercial 
TIRF  attachment  as  described  previously  (Burghardt  et  ah, 
2006)  by  x  60  oil  immersion  objective. 


Immunohistochemistry 

Frozen  prostate  tumors  from  patients  were  provided  by  the 
UNMC/Eppley  Cancer  Center  Tumor  Bank  (Omaha,  NE, 
USA).  Two  anatomic  pathologists  independently  graded  the 
H&E-stained  sections  and  Gleason  scores  for  these  tissues 
varied  between  6  and  10.  Immunohistochemistry  was  per¬ 
formed  as  described  previously  (Das  et  al.,  2007).  C17orf37 
antibody  (Zymed)  and  rabbit  IgG  (Sigma,  St  Louis,  MO, 
USA)  were  used  for  the  immunohistochemistry  study. 
Representative  images  of  the  clinical  prostate  sections  were 
captured  and  analysed  by  the  pathologist. 


Cell  migration  assays 

At  48-h  after  transfection  with  siRNA-C17orf37  or  control 
siRNA,  1  x  106  number  of  DU-145  cells  were  mixed  with  low 
melting  agarose  and  growth  medium  to  form  a  semisolid  gel 
and  migration  assay  was  performed  as  described  before  (Das 
et  ah,  2007).  The  cells  were  allowed  to  migrate  out  of  the 
semisolid  beads  for  36  h  and  then  visualized  on  an  Olympus 
microscope  (Carl  Zeiss).  Representative  images  of  the  cells 
were  captured  and  the  number  of  cells  that  migrate  out  of  the 
beads  was  counted  from  three  independent  experiments.  Fold 
change  of  migration  was  determined  by  a  ratio  of  migrated 
cells  in  experimental  group  to  the  control  group. 


In  vitro  tumor  invasion  assay 

Tumor  invasion  assay  was  performed  using  BD  Biocoat 
Tumor  Invasion  System  (BD  Biosciences,  Bedford,  MA, 
USA)  according  to  the  manufacturer’s  instructions.  Details 
about  the  procedure  are  given  in  Supplementary  information. 
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Reverse  transcription— PCR 

One-step  RT-PCR  (Invitrogen)  was  performed  using  1  pg  of 
total  RNA  as  described  before  (Das  et  al,  2007).  Custom  primers 
were  synthesized  as  mentioned  in  Supplementary  Table  1. 

ELISA  assay  for  MMP-9  and  VEGF 

ELISA  assay  performed  from  the  conditioned  media  as 
described  in  Supplementary  Materials  and  methods  section. 

Electrophoretic  mobility  shift  assay 

NF-kB  DNA-binding  activity  was  determined  by  gel-shift 
assay  in  C17orf37  knockdown  and  overexpressed  cells  using 
NF-KB-specific  EMSA  gel-shift  assay  kit  (Panomics  Inc., 
Redwood,  CA,  USA). 

Statistical  analyses 

Results  were  expressed  as  mean  and  statistical  analysis 
performed  using  GraphPad  Prism  4.02  software  (San  Diego, 
CA,  USA).  One  sample  /-test  was  performed  and  P<0.05  was 
considered  to  be  significant. 
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Supplementary  Table  1  Primer  Sequences 


Gene 

Sequence  (5'-3') 

Amplified 

Size(bp) 

C17orf37  Forward 

CAGT  GCT  GT  GAAGGAGCAGT 

202 

C17orf37  Reverse 

GACGGCT  GTTGGT  GAT  CTTT 

VEGF  Forward  (Munaut 

CCTGGTGGACATCTTCCAGGAGTA 

etal.,  2003) 

407  -VEGFies 

VEGF  Reverse 

CT  CACCGCCT  CGGCTT  GT  CACA 

275  -VEGF-121 

MMP-9  Forward 

TT  GACAGCGACAAGAAGT  GG 

MM  P-9  Reverse 

GCCATTCACGTCGTCCTTAT 

185 

uPA  Forward 

TT  GACAGCGACAAGAAGT  GG 

uPA  Reverse 

CT  ACAGCGCT  GACACGCTT  G 

781 

(3-actin  Forward 

GAGGCTCTCTTCCAGCCTTCCTTCCT 

(3-actin  Reverse 

CCT  GCTT  GCT  GAT  CCACAT  CTGCTGG 

308 

1 


Supplementary  Table  2  SMART  Pool  Duplex  for  C17orf37  (Dharmacon) 
Sequences  were  BLAST  searched  in  NCBI  database  to  determine  the  specificity 
with  C17orf37  sequence.  All  the  sequences  were  confirmed  to  be  100  percent 
homology  with  only  C17orf37  sequence. 


1 

Sense  Sequence 

C.C.G.A.A.G.A.G.C.C.A.G.U.A.A.U.G.G.A.U.U 

Antisense  Sequence 

5'-p.U.C.C.A.U.U.A.C.U.G.G.C.U.C.U.U.C.G.G.U.U 

2 

Sense  Sequence 

U.A.A.A.U.G.G.A.C.A.G.C.U.G.G.U.G.U.U.U.U 

Antisense  Sequence 

5'-p.A.A.C.A.C.C.A.G.C.U.G.U.C.C.A.U.U.U.A.U.U 

3 

Sense  Sequence 

U.A.G.A.A.A.A.G.A.U.C.A.C.C.A.A.C.A.G.U.U 

Antisense  Sequence 

5'-p.C.U.G.U.U.G.G.U.G.A.U.C.U.U.U.U.C.U.A.U.U 

4 

Sense  Sequence 

G.G.A.G.C.A.G.U.A.U.C.C.G.G.G.C.A.U.C.U.U 

Antisense  Sequence 

5'-p.G.A.U.G.C.C.C.G.G.A.U.A.C.U.G.C.U.C.C.U.U 

2 


Supplementary  Methods 

Cloning,  expression  and  purification  of  recombinant  C17orf37 
Full  length  human  C17orf37  cDNA  of  347  bp  was  amplified  using  a  forward 
primer  5'-CTAGAATTCCACATGAGCGGGGAGCC-3'  containing  an  EcoRI 
restriction  site  and  a  reverse  primer  5'-AGACTCGAGTGCAGTCACAGGATGA-3' 
containing  a  Xhol  restriction  site,  and  cloned  into  pGEX-4T-1  vector  (GE 
Healthcare,  Piscataway,  NJ)  in  proper  reading  frame.  GST-C17orf37  fused 
protein  was  expressed  in  E.coli  BI-21  strain  and  purified  using  Glutathione 
Sepharose  4B  column  (GE  Healthcare,  Piscataway,  NJ)  according  to 
manufacturer’s  instructions.  Purified  GST-C17orf37  was  cleaved  with  20  units/mg 
thrombin  enzyme  (Sigma,  St. Louis,  MO)  overnight  at  room  temperature  to 
remove  the  GST  tag.  Recombinant  C17orf37  is  finally  eluted  from  HiTrap 
Benzamidine  FF  columns  (GE  Healthcare,  Piscataway,  NJ)  to  remove  the 
residual  thrombin  enzyme. 

Full  length  human  C17orf37  cDNA  of  347bp  was  amplified  using  a  forward 
primer  5'-CAAGCTTCGAATTCAATGAGCGGG-3'  containing  an  EcoR\  restriction 
site  and  a  reverse  primer  5'-ATCCGGTGGATCCAGTCACAG-3'  containing  a 
BamH\  restriction  site.  PCR  products  were  cloned  into  the  pEGFP-CI  vector  and 
the  resulting  vector  was  named  GFP-C17orf37. 

Cell  lines  and  culture  conditions 

DU-145,  PC-3,  LNCaP  C4-2,  LNCaP-R,  RF  and  UR  prostate  cancer  cells  were 
maintained  in  RPMI1640  supplemented  with  10%  fetal  bovine  serum  (FBS)  and 


3 


1%  penicillin-streptomycin  (PS).  Prostate  epithelial  cell  lines  HPV18  C-1  and 
PWR-1E  were  maintained  in  keratinocyte-SFM  (Invitrogen,  Carlsbad,  CA) 
supplemented  with  bovine  pituitary  extract  (25pg/ml)  and  recombinant  epidermal 
growth  factor  (0.15ng/ml). 

Mass  spectrometry  and  liquid  chromatography-tandem  mass  spectrometry 
A  hybrid  linear  ion  trap-Fourier  transform  ion  cyclotron  resonance  (7-Tesla) 
instrument  (LTQ-FT,  Thermo  Fisher,  San  Jose,  CA)  equipped  with  an 
electrospray  ionization  (ESI)  source  and  operated  with  the  Xcalibur  (version  2.2) 
data  acquisition  software  was  used  for  all  mass  spectrometric  (MS)  analyses 
(Branca  et  at.,  2007). 

The  molecular  weight  of  the  recombinant  protein  was  determined  by  direct 
infusion  (protein  solution  in  aqueous  solution  containing  50%  methanol  and  1% 
acetic  acid)  using  FTICR  prior  to  reduction  and  carbamidomethylation  of 
cysteines.  Mass  resolution  (M/AM)  was  set  to  200,000  at  m/z  400  and  defined  as 
full  width  at  half  maximum  (FWHM)  of  the  peak. 

About  20-fold  excess  of  dithiothreitol  (in  mass)  was  added  to  reduce  the 
protein  at  50  °C  for  20  min,  followed  by  alkylation  with  iodoacetamide  (about  50:1 
weight  ratio  iodoacetamide  to  protein)  at  room  temperature  for  30  min  in  the  dark. 
The  resulting  carbamidomethylated  protein  solution  was  then  desalted  by 
repeated  centrifugation  in  microcon  filters  (Millipore,  Billerica,  MA)  at  8000g. 
Typtic  peptides  were  obtained  by  incubation  of  the  protein  with  trypsin  (Promega, 
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Madison,  Wl;  -50:1  protein  to  trypsin  molar  ratio)  for  24  h  at  37  °C  in  50  mM 
ammonium  bicarbonate  (pH  7.8). 

For  online  RP-HPLC-tandem  mass  spectrometric  analysis  of  the  tryptic 
digest  (Stevens  et  al.,  2008),  5  pi  of  the  sample  was  loaded  onto  a  PepMap  Cl  8 
capillary  trap  (LCPackings,  Sunnyvale,  CA)  and  desalted  with  3%  acetonitrile, 
1%  acetic  acid  for  5  min  prior  to  injection  onto  a  75  pm  i.d.  x  10  cm  PicoFrit  Cl 8 
analytical  column  (New  Objective,  Woburn,  MA).  Following  peptide  desalting 
and  injection  onto  the  analytical  column,  a  linear  gradient  provided  by  a  Surveyor 
MS  pump  (Thermo)  was  carried  out  to  40%  acetonitrile  in  60  min  at  250  nL/min. 
Spray  voltage  and  capillary  temperature  during  the  gradient  run  were  maintained 
at  2.0  kV  and  250  °C,  respectively.  The  conventional  data-dependent  mode  of 
acquisition  was  utilized  in  which  an  accurate  m/z  survey  scan  was  performed  in 
the  FTICR  cell  followed  by  parallel  recording  of  tandem  mass  spectra  (MS/MS)  in 
the  linear  ion  trap  of  the  top  10  most  intense  precursor  ions.  FTICR  full-scan 
mass  spectra  were  acquired  at  100,000  mass  resolving  power  (m/z  400)  from 
m/z  350  to  1500  using  the  automatic  gain  control  mode  of  ion  trapping  (500000 
target  ion  count).  Collision-induced  dissociation  (CID)  was  performed  in  the 
linear  ion  trap  using  a  2.0-u  isolation  width  and  35%  normalized  collision  energy 
with  helium  as  the  target  gas. 

MS/MS  data  generated  by  data  dependent  acquisition  via  the  LTQ-FT 
were  extracted  by  the  manufacturer’s  BioWorks  version  3.3  software  and 
searched  against  a  composite  IPI  human  protein  database  containing  both 
forward  and  randomized  sequences  using  the  Mascot  (version  2.2.1;  Matrix 
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Science,  Boston,  MA)  search  algorithm.  Mascot  was  searched  with  a  fragment 
ion  mass  tolerance  of  0.80  Da  and  a  parent  ion  tolerance  of  10  ppm  assuming 
the  digestion  enzyme  trypsin  with  the  possibility  of  one  missed  cleavage. 
Carbamidomethylation  of  cysteine  was  specified  as  a  static  modification,  while 
oxidation  of  methionine,  conversion  of  N-terminal  Glu/GIn  (E/Q)  to  pyroglutamyl 
(<E)  in  tryptic  peptides  and  N-terminal  protein  acetylation  were  specified  as 
variable  modifications  in  the  database  search.  The  software  program  Scaffold 
(version  Scaffold-01_06_13,  Proteome  Software  Inc.,  Portland,  OR)  was  then 
employed  to  compile  and  validate  tandem  MS-based  peptide  and  protein 
identifications.  Peptide  identifications  were  accepted  at  greater  than  95.0% 
probability  as  determined  by  the  Peptide  Prophet  algorithm  (Keller  et  al.,  2002). 

Isolation  of  total  RNA  and  quantitative  reverse  transcription-PCR 
Total  RNA  was  isolated  from  prostate  cells  by  Trizol  reagent  (Invitrogen, 
Carlsbad,  CA)  according  to  manufacturer’s  instructions.  For  quantitative  reverse 
transcription-PCR  (qRT-PCR)  analysis,  a  two  step  process  was  performed  using 
the  Superscript  III  platinum  Two-step  qRT-PCR  kit  with  SYBR  Green  (Invitrogen, 
Carlsbad,  CA).  One  pg  of  isolated  RNA  was  used  for  conversion  to  cDNA 
followed  by  amplification  using  a  Cepheid  Smart  Cycler  system  (Cepheid, 
Sunnyvale,  CA).  Ct  values  were  determined  at  a  threshold  value  of  30 
fluorescence  units.  Samples  were  run  in  triplicate  and  housekeeping  gene  actin 
was  used  as  an  internal  control.  The  fold  change  of  C17orf37  mRNA  expression 
was  calculated  according  to  the  formula  of  Livak  and  Schmittgen  (Livak  and 
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Schmittgen,  2001)  with  respect  to  HPV18  C-1  cell  line  which  was  fixed  to  base 
line  as  1 . 


Transfection  procedures 

Cells  were  grown  to  85-90%  confluency  and  transfected  with  plasmid  DNA  (GFP- 
C17orf37  vector  or  empty  vector-GFP)  for  a  period  of  6  hours  in  OPTI-MEM 
(Invitrogen,  Carlsbad,  CA).  After  transfections,  cells  were  grown  in  complete 
media  overnight  before  mounting  on  slides  using  Vectashield  (Vector 
Laboratories,  Burlingame,  CA)  for  confocal  microscopy. 

For  generation  of  stable  cells  (DU-GFP  and  DU-ORF  cells),  stably  transfected 
cell  populations  were  selected  in  RPMI  supplemented  with  10%  FBS  and 
500pg/ml  G418  (Invitrogen,  Carlsbad,  CA)  for  about  1  month.  Selected  colonies 
(3-5)  were  then  separately  cultured  to  obtain  the  subclones  (ORF#9  and  ORF#1 1 
for  GFP-C17orf37  plasmid  and  GFP#1  for  GFP  plasmid  (vector  control)  in  DU- 
145  cells).  Stable  cells  were  then  characterized  by  western  immunoblotting  and 
confocal  microscopy. 

Smart  pool  siRNA  sequences  for  C17orf37  are  listed  in  Supplementary  Table  2. 

ELISA  assay  for  MMP-9  and  VEGF 

DU-145  cells  were  seeded  in  6  well  plates  and  transiently  transfected  with  mock 
(Dharmafect),  non-targeting  control  siRNA  and  C17orf37  siRNA;  and 
lipofectamine  (mock),  GFP  vector  only,  GFP-C17orf37  as  mentioned  in  the 
transfection  procedure  section  in  the  Material  and  methods.  After  transfections, 
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cells  were  incubated  in  serum  free  RPMI  (Invitrogen)  for  24  hours.  The  culture 
medium  was  collected,  centrifuged  to  remove  cell  debris  and  stored  at  -80°C  until 
assay.  The  number  of  cells  per  well  was  counted  using  hemocytometer. 
Quantikine  Human  MMP-9  and  VEGF  Elisa  assay  kit  (R  &  D  Systems, 
Minneapolis,  MN)  was  used  to  determine  the  concentration  of  secreted  MMP-9 
and  VEGF,  according  to  the  manufacturer’s  instructions.  MMP-9  concentration 
(ng/ml_)  was  calculated  and  normalized  to  the  number  of  cells  (ng/ml_/105  cells). 
Quantikine  VEGF  elisa  kit  determines  both  VEGF121  and  VEGF165  secreted 
isoform  concentration  (pg/mL)  and  normalized  to  the  total  number  of  cells 
(pg/mL/105  cells).  The  concentration  values  are  graphically  represented  as  ratio 
of  control  to  the  untreated  cells. 

Antibodies 

Antibodies  used  for  the  study  are  as  follows:  C17orf37  (Abnova,  Taiwan;  1:500) 
and  C17orf37  (anti-C35)  (Zymed,  Carlsbad,  CA);  Glyceraldehyde  3-phosphate 
dehydrogenase  (GAPDH)  (Santa  Cruz  Biotechnology,  Santa  Cruz,  CA,  1:1250 
dilution);  actin  (Calbiochem,  San  Diego,  CA;  1:2000  dilution);  Lamin  (1:1000), 
MMP-9  (1:1000),  Akt  (1:  1000)  and  phospho-Akt  Ser-473  (1:500)  dilutions  from 
Cell  Signaling,  Danvers,  MA;  uPA  (1 :500)  and  VEGF  (1 :250)  dilutions  from  R  &  D 
Systems,  Minneapolis,  MN;  and  ERK1/2  (1:1000)  and  phospho-ERK1/2  Thr- 
202/Tyr-204  (1:500)  dilutions  BD  Biosciences,  San  Jose,  CA. 
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In  vitro  Tumor  Invasion  /Assay 

Transiently  transfected  DU-145  cells  with  either  GFP-vector  or  GFP-C17orf37; 
siRNA-C17orf37  or  control-siRNA  (as  described  before),  and  stable  DU-GFP, 
DU-ORF-9  and  DU-ORF-11  cell  suspensions  were  prepared  in  growth  medium 
without  serum  and  2.5x1 04  cells/well  were  added  to  the  top  chamber  of  the  tumor 
invasion  system  and  10%  FBS  was  added  to  the  bottom  chambers  as 
chemoattractant.  Cells  were  allowed  to  invade  through  the  Matrigel  for  24  hours 
at  37°C.  Following  incubation,  nonmigratory  cells  were  removed  from  the  top 
chamber  and  the  cells  that  successfully  invade  the  Matrigel  matrix  and  migrate  to 
the  bottom  side  of  the  membrane  were  stained  with  4pg/ml  of  Calcein  AM 
(Molecular  Probes,  Carlsbad,  CA)  and  fluorescent  reading  was  taken  at 
excitation/emission  wavelengths  of  485/530  nm.  Growth  medium  incubated 
without  any  cells  in  the  invasion  system  was  used  as  blank  reading  and  three 
independent  experimental  readings  were  used  to  calculate  the  mean  fold  change 
of  invasion  by  determining  the  ratio  of  fluorescent  reading-experimental  group  to 
fluorescence  reading-control  group. 

Electrophoretic  Mobility  Shift  Assay  (EMSA) 

Cells  were  treated  with  siRNA-C17orf37  at  50,  75  and  100  nM  concentrations  or 
control-siRNA  as  described  before.  Nuclear  extract  was  prepared  using  NE-PER 
cytosolic  nuclear  extraction  kit  (Pierce,  Rockford,  IL).  5  pg  of  nuclear  protein 
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extracts  was  used  to  incubate  with  the  biotin  conjugated  probe  according  to 
manufacturer’s  instructions. 

Scratch  Wound  Healing  Migrating  Assay 

DU-ORF-9  cells  were  grown  on  coverslip  in  a  monolayer  and  scratch  was 
created  using  pipet  tip.  Floating  cells  were  removed  by  changing  the  medium  and 
cells  were  imaged  at  different  time  points  0,  3,  6  and  9  hours  after  the  creating  of 
the  wound.  Cells  were  then  washed,  fixed,  permeabilized  and  imaged  using 
confocal  microscopy. 
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Supplementary  Figure  Legends 

Supplementary  Figure  1  Expression  of  C17orf37  in  prostate  cancer  cells.  Total 
RNA  was  isolated  from  DU-145,  PC-3,  LNCaP-R  and  HPV-18  C-1.  C17orf37 
gene  was  amplified  by  RT-PCR  as  described  in  materials  and  methods  section. 
GST-C17orf37  vector  (as  described  in  Materials  and  Methods  section)  was  used 
as  positive  control.  (3-Actin  was  used  as  loading  control.  C17orf37  mRNA  was 
found  to  be  highly  expressed  in  DU-145,  PC-3  and  LNCaP-R  prostate  cancer 
cells  compared  to  minimal  expression  in  HPV-18C1  prostate  epithelial  cells. 

Supplementary  Figure  2  Mass  spectrum  of  recombinant  C17orf37  protein.  Full- 
scan  FTICR  mass  spectrum  acquired  of  the  purified  recombinant  protein  at 
200,000  mass  resolving  power  at  m/z  400.  The  resolving  power  obtained  for  the 
+9  charge  state  isotope  cluster  ([M+9H]9+,  inset)  was  ~  55,000  (FWHM). 

Supplementary  Figure  3  Overexpression  of  C17orf37  increases  invasive 
potential  of  DU-145  cells.  Stable  cells  DU-GFP,  DU-ORF-9  and  DU-ORF11,  and 
parental  DU-145  cells  were  seeded  onto  matrigel  coated  tumor  invasion 
chambers  and  allowed  to  migrate  toward  serum  for  24  hours  at  37°C.  Fold 
change  of  invasion  was  calculated  as  described  in  supplementary  materials  and 
methods  section.  Columns  are  mean  of  three  independent  experiments;  bars, 
SD.  **,  P  <  0.001,  relative  to  DU-GFP  cells;  statistical  analysis  included  Student’s 
t  test  for  calculating  significant  differences  within  groups. 
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Supplementary  Figure  4  Graphical  representation  showing  expression  ratio  of 
p-Akt/Akt  and  p-ERK/ERK  normalized  to  housekeeping  gene  GAPDH  as  shown 
in  Figure  6b.  Columns  mean  of  four  independent  experiments;  bars,  SD.  **,  P 
<0.005  relative  to  mock  treated. 

Supplementary  Figure  5  Confocal  microscopy  showing  the  expression  of 
C17orf37  preferentially  localized  to  the  leading  edge  of  the  migrating  DU-ORF-9 
cells.  Cells  were  grown  on  coverslip  in  a  monolayer  and  scratch  was  created  as 
described  in  the  Supplementary  information.  After  3  hours,  cells  were  fixed  in  a 
slide  and  imaged  using  LSM510  confocal  microscopy  (phase  contrast  and 
fluorescence  at  488  nm  wavelength).  Inset  shows  the  magnified  image  of  the 
area  marked  with  dotted  box.  Dotted  arrow  at  the  top  indicates  the  direction  of 
migration  and  solid  arrows  indicate  the  migrating  cells  with  protruding  edge. 
Original  magnification,  X100. 
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Abstract:  A9 


Importance  of  C17orf37  prenyl  modification  of  C17orD7  in  cancer  cell  migration 
and  invasion 

Subhamoy  Dasgupta  and  Jamboor  K  Vishwanatha 

Department  of  Biomedical  Sciences  and  Institute  for  Cancer  Research,  University  of 
North  Texas  Health  Science  Center,  3500  Camp  Bowie  Blvd,  Fort  Worth,  TX,  76107 


C17orf37  is  a  novel  gene  located  in  the  hot  spot  locus  of  human  chromosomal  region 
1 7ql2-2 1 .  C17orf37  is  frequently  amplified  in  breast  cancer  patients  along  with  ERBB2, 
and  expression  correlates  with  grade  and  stage  of  cancer.  C17orf37  gene  is  also  found  to 
be  activated  in  certain  cancer  cells  and  tissues  irrespective  of  ERBB2  status,  compared  to 
minimal  expression  in  normal  cells.  Recently,  we  have  reported  that  C17orf37  is  highly 
overexpressed  in  prostate  cancer  cells  and  tissues,  and  expression  of  the  gene  positively 
correlates  with  the  migratory  and  invasive  potential  of  cancer  cells.  Moreover  C17orf37 
acts  as  a  signaling  molecule  via  Akt/NF-KB  pathway  modulating  the  expression  of  key 
metastasis-related  genes  uPA,  MMP-9  and  VEGF.  We  identified  a  putative  prenylation 
motif  ‘CVIL’  at  the  C-terminal  end  of  C17orf37  protein.  Using  confocal,  total  internal 
reflection  fluorescence  microscopy  (TIRFM)  and  cellular  fractionation  studies  we  show 
C17orf37  is  post-translationally  modified  by  GGTase-I  enzyme,  which  translocates  the 
protein  to  the  inner  leaflet  of  plasma  membrane.  Mutation  of  the  cys-1 12  or  entire 
deletion  of  the  ‘CVIL’  motif  of  C17orf37  protein  blocks  the  protein  localization  to  the 
membrane.  Based  on  this,  we  hypothesize  that  prenylation  at  ‘CVIL’  motif  is  important 
for  activation  of  C17orf37  protein  and  subsequent  downstream  signaling.  To  study  the 
importance  of  prenylated  C17orf37  in  cancer  cells,  we  generated  stable  cells  expressing 
either  wild  type  or  mutant  C17orf37  protein.  Our  studies  show  that  prenylated  C17orf37 
protein  (wild  type)  preferentially  localize  to  the  leading  edge  of  migrating  cancer  cells 
(directional)  thereby  activating  nucleation  of  F-actin,  fonnation  of  lamellipodia  and 
increased  migration  of  cancer  cells.  Cells  expressing  mutant  C17orf37  protein  are  mostly 
localized  in  the  cytosol  and  fail  to  localize  to  the  edge  of  the  migrating  cancer  cells.  In 
addition,  we  identified  a  canonical  immunoreceptor  tyrosine-based  activation  motif 
(ITAM)  at  the  N-terminus  of  C17orf37  protein.  Currently  we  are  investigating  the 
importance  of  ITAM  domain  for  downstream  signaling  of  C17orf37  through  Akt/NF-KB 
pathway. 

(Supported  by  NIH  grants  CA1 09593  and  MD  001633  to  JKV  and  Department  of 
Defense  Predoctoral  Training  Award  PC081 282  to  SD.) 


